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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

I n re AppI ication of: ^ ' ^ 

Bernard etal. / (SG.a.?'^)^ 
Serial No.: 09/630,517 L § Group Art Unit: 1714 

Filed: August 02, 2000 n^?^^^^^^ Examiner: K. I. Wyrozebski Lee 

For: POLYAMIDE NANOCOMPOSITES WITH OXYGEN SCAVENGING 

CAPABILITY 

Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

DECLARATION UNDER 37 CFR 1.131 

We, Linda G. Bernard, Horst Clauberg, Michael J. Cyr, John W. Gilmer, James 
C. Matayabas, Jr., Jeffery T. Owens, Mark E. Stewart, Sam R. Turner, and Shriram 
Bagrodia declare that: 


1 . We are the coinventors of claims 1 -29 of the above-identified patent application. 

2. Prior to August 5, 1999, having earlier conceived the idea of recyclable polymer 
nanocomposite with improved oxygen and gas barrier properties comprising at 
least one polyamide resin, at least one oxygen-scavenging catalyst, and at least 
one layered silicate material, Linda G. Bernard, Jeffrey T. Owens, Marvin C. 
Hagey, and John W. Gilmer prepared the following polyamide polymer 
compositions, described herein, at the Research Laboratories of Eastman 
Chemical Co., Kingsport, Tennessee. 

A) The following general procedures were used to measure oxygen consumption 
and carbon dioxide permeability. Oxygen consumption was measured on film 
samples, which were cut into strips, using a Columbus Instruments Micro- 
Oxymax respirometer with version 6.04b software. Samples were placed into 
a glass media bottle with a nominal volume of 250 mL. One empty bottle was 
included as a control blank. The bottles were attached to a ten port 
expansion module. Readings were taken at the start of the experiment and 
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then every four hours. The instrument measured the change in the oxygen 
concentration from the previous reading in each cell and calculated the total 
oxygen consumption and rate based on the (previously measured) volume of 
the cell plus oxygen sensor system. The oxygen sensor is an electrochemical 
fuel cell. Carbon dioxide transmission rates were measured on film samples 
using a Mocon permeability analyzer. 

B) An unmodified MXD6 polyamide was prepared by extruding two trilayer films 
comprising internal layers of about 10 and 30 vol% of unmodified MXD6 
6007, available from Mitsubishi Gas Company, with two external layers of 
PET-9921 , available from Eastman Chemical Company. Several 2-inch 
square sections of the trilayer films were stretched using a T. M. Long 
instrument (4x4 orientation at about 1 10°C). The carbon dioxide transmission 
rates were 174 and 59 cc(STP) C02/meter^/24hr, for the 10 and 30 vol% films 
respectively. 

A MXD6 polyamide composition containing about 4000 ppm cobalt 

acetate as an oxygen-scavenging catalyst was prepared by mixing 250 grams 

of a low molecular weight, amine terminated poly(m-xylylene adipamide), with 

IV of about 0.44 dL/g, and 4.23 grams of cobalt acetate tetrahydrate under a 

nitrogen atmosphere at 250°C for 120 minutes then cooling. X-ray analysis of 

the product showed the concentration of cobalt in the product to be about 

4000 ppm. This cobalt-containing polyamide (10 parts) was extrusion 

compounded with 90 parts of MXD6 6007, available from Mitsubishi Gas 

Company, at 250°C, to give material with a cobalt concentration about 400 

ppm. The polyamide was used to prepare trilayer films and 2-inch square 

sections of the films were stretched as described above. The carbon dioxide 

transmission rates of the oriented films were determined to be 168 and 54 

cc(STP) C02/meter^/24hr, for the 10 and 30 vol% films respectively. Oxygen 

consumption for 3.0 grams of the inner polyamide layer, after removing the 

PET 9921 layers from the unoriented film comprising 30 vol% polyamide, was 

determined to be about 370 microliters of oxygen over a period of 136 hours. 
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C) Using the procedure of example B, an MXD6 polyamide composition 
containing a layered silicate material and cobalt as an oxygen-scavenging 
catalyst was prepared by mixing 215.75 grams of a low molecular weight, 
amine terminated poly(m-xylylene adipamide), with IV of about 0.44 dL/g, 
34.25 grams of SCPX-1578, an organoclay available from Southern Clay 
Products, and 4.23 grams of cobalt(ll) acetate tetrahydrate under a nitrogen 
atmosphere at 250°C for 120 minutes followed by cooling. Ten parts of this 
product was extrusion compounded with 90 parts of MXD6 6007, available 
from Mitsubishi Gas Company at about 260°C to give material with a cobalt 
concentration of about 400 ppm and silicate concentration (ash) of about 1 .0 
wt%. 

Two trilayer films were extruded comprising internal layers of about 10 and 
30 vol% of the above compounded MXD6 6007 with two external layers of 
PET-9921, available from Eastman Chemical Company. Trilayer films were 
prepared and oriented as described above. The carbon dioxide transmission 
rates for the oriented films were 1 1 7 and 41 cc(STP) C02/meter^/24hr, for the 
10 and 30 vol% films respectively. Oxygen consumption for 3.0 grams of the 
inner nanocomposite layer, after removing the PET 9921 layers from the 
unoriented film comprising 30 vol% nanocomposite, was determined to be 
about 680 microliters of oxygen over a period of 136 hours. 

D) Another MXD6 polyamide composition containing an oxygen-scavenging 

catalyst was prepared in which 4 parts of the MXD6 composite prepared in 

example B was extrusion compounded with 96 parts of amber PET-20261 , 

available from Eastman Chemical Company. A trilayer film was extruded 

comprising internal layers of about 50 vol% of this material with two external 

layers of PET-9921 , available from Eastman Chemical Company. Several 2- 

inch square sections of the trilayer films were prepared and oriented as 

above. The carbon dioxide transmissions rate of the oriented films were 41 1 

cc(STP) C02/meter^/24hr, for the 50 vol% films. Oxygen consumption for 10 
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grams of the unoriented film comprising 50 vol% of the extrudate of PET 9921 
with the PET-polyamide composite was determined to be about 60 microliters 
of oxygen over a period of 136 hours. 

E) Another MXD6 polyamide composition containing a layered silicate material 
and an oxygen-scavenging catalyst was prepared in which 4 parts of the 
MXD6 composite prepared in example C was extrusion compounded with 96 
parts of amber PET-20261, available from Eastman Chemical Company. 
Two trilayer films were extruded comprising internal layers of about 30 and 50 
vol% of this material with two external layers of PET-9921 , available from 
Eastman Chemical Company. Trilayer films were prepared and oriented as 
above. The carbon dioxide transmissions rates of the oriented films were 
determined to be 317 and 291 cc(STP) C02/meter2/24hr, for the 30 and 50 
vol% films respectively. Oxygen consumption for 10 grams of the unoriented 
film comprising 50 vo\% of the extrudate of PET 9921 with the nanocomposite 
was determined to be about 60 microliters of oxygen over a period of 136 
hours. 

F) A polyamide composition was prepared in which the oxygen-scavenging 
catalyst, cobalt, was intercalated into the polymer matrix through the layered 
silicate material. A Wyoming-type montmorillonite clay was prepared in which 
50% of the sodium cations were exchanged with cobalt and 50% with 
protons. Ash content of the clay was 87.15 wt %, cobalt content was 1 .23 %,' 
and X-ray basal spacing was 1 .25 nm. The treated clay was dry mixed with 
269 parts of a low molecular weight poly(m-xylylene adipamide), with IV of 
about 0.41 dL/g. The mixture was dried at 1 10°C overnight in a vacuum oven 
then extruded. The extruded material showed good oxygen consumption. 

G) Another polyamide composition was prepared identically to E except the 

montmorillonite clay used in the composition had 50 % of the sodium cations 

are exchanged with cobalt(ll), 25% with octadecyltrimethylammonium cations, 
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and 25 % with protons. The clay had a cobalt content of 0.99 %, and X-ray 
basal spacing of 1.34 nm. The extruded material showed good oxygen 
consumption. 

3. Evidence supporting the above examples above are provided by copies of research 
notebook pages as set forth in the table below and attached hereto: 


Experiment 

Supporting Notebook Pages 

Performed by 

B 

X-26645-100 
X-26645-103 
X-26645-1 17 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

C 

X-26645-101 
X-26645-103 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

D 

X-26645-103 
X-26645-1 13 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

E 

X-26645-101 
X-26645-103 
X-26645-113 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

F 

X-26640-085 
X-26854-015 
X-25982-122 

Marvin C. Hagey 
John W. Gilmer 
Jeffery T. Owens 

G 

X-26640-087 
X-26854-015 
X-25982-122 

Marvin C. Hagey 
John W. Gilmer 
Jeffery T. Owen 
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Further evidence of the conception of one aspect of this invention is provided by page 
X-25982-100 from IVlr. Owens notebook, also attached hereto. 

4. Each of the dates deleted from the attached notebook pages is prior to August 5, 
1999. 

The undersigned declares further that all statements made herein on his own 
knowledge are true and that all statements made on information and belief are believed 
to be true, and further that these statements were made with a knowledge that willful, 
false statements, and the like so made are punishable by fine, or imprisonment, or both 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 


3it^^ 7 llinda Gail Bernard 


Date Horst Clauberg 


Date Michael John Cyr 


'—^ "~ /pbhn Walker Gilmer 


4 ■ 2 00 2- 




James Christopher Matayabas, Jr. 


te 


Date 


)ate ^ ~~ Sam Richard Turher 



-6- 


Docket: 71111 PATENT 


Date Srmram Bagrodia 



-7- 


N° 100 

^^-^.^ PC^^^ ^^^^ X 266. 

Report: Reactor c r ^^^^^ 

a,s: s=stir«r Slaved. T^service T„pa, c^.,, , 

2 120 "° 0 0 0 ^ ? Time 

730 250 0 0 n n 15:18,51 

iJV.^^ J- - "00 17:18:51 

S'G^iATURe OF AUTHOR ^^J^^^^^^..^^ ^ 72?..^ / rr^O/ , ^ / 

SIGNATURE OF WITNESS O^tI^^^^ 


BOOK 


PAGE 


X 26645 NO 101 

,51, -f t^iriV^ ci^J . P>-<. cc^lure r 5«-^ 

. o n^te^j^BBBH Time:l5:l8:24 

re??pe^.a::?'?:Xc™iLETGVR^CIP?sXWD_CO.RCP 

ri^as-l^^frref ll^ed^T^Service Traps, C=.dd Catalvst 

„ v^r Stir PowerGFlaas U Estimated 

Stage Time Temp Vac stii . s T C End Time 

Mln :c Torr RPM , ^ „ 0 15:19:24 

2fs. 250 0 0 0 0 l.:19:2. 


BOOK 


PAGE 


X 26645 \^^^ N9 103 

= X2ip(,^^-ldO ^ ' 


1 MXD6 
Itemj Ref: Grade 6007 
i Lot #810806 

D(ND)/Cobalt i D(ND)/GWe-©ef7^CdbaTf 

Ref: X26645-100 ! Ref: X26645-101 

i 

Total Grams 
1'200 ' 

1 1 1080 

120 i 

2 j 1080 

120 

1200 


PAGE 

NO 


106 


BOOK 

X 25036 


T^mp. £sr- ?7r /. s_. 3. ^- ^.6- 7- 

JlVo fiCo eUo ^io ^/io p^o Mo 
/03 - f /^CruHC- sL-^d iibC) JL6^ 2J^O 26c3 

D(ND)/Coball 
Ref: X26645-100 


Item 


MX06 
Ref: Grade 6007 
Lot « S10806 


1080 


1080 


120 


D(ND)/CWC-©©^/tobalt 
Ref: X26645-101 


120 


Total Grams 


1200 


1200 



SiCNATune OF AUTHOR 
SIGNATURE OF WITNESS 


_ OAT£| 
_ OATe . 


'9 or ppn\ Cc>^. : 

^Z^/r^rrrvify ' ^?^ Co . 


SIGNATURE OF 
SIGfiJATUREO 



BOOK 

PAGE 


X 26645 NO 113 

Obj 'ech'v-^ 4^ Prc> ^•ejuy^ 



108 


X ■XUJK' 113- /-J- 


X 25036 


//3- I 


/a o 


>7S IV air 7.1S 11^ ■X7S' ^IS" 
2}.1 27S lis aiS- 5^'^ aTT 3,;^ 


7/3-:). 
/9 d-Zact/ 


w ^75" :il5- 11? i7f ;J7i' 
»«o ays' i7r ?.7sa7i" J7r 375 Jf^ 


■113-'- 


•31/ 


75 


3 


315 


ucnature of witness 






X 



CD 

t<o 


3 

o> 

> 

> 

iRe 

C71 

3 

3 

cd" 


bei 

bei 

— I 

CD 

_A 

CO 
• 

■ 


O 




CD 





o 

o 



ro 

ro 



O) 

cn 



—* 


ETI 










o 








O 





X 

o 

i: 


O 

cn 

Si 


C/) 

O 

CD 


r~\ 
V. ^ 




D 

D 

> 


X 


CL 



O 

CL 


cn 

o 

CD 



criQ. 


CD 

9L 



o 




o 




CT 










X 




CD 






X 

X'n) 



^5 



CD 

en; O 


o> 

a> 

CD 



4^ 



Cn 

cn 




O 



o 

o 


CO 


> 


ro 


dditivel 












0) 




3 


<D 

CD 

cn 


ro 

to 

Of PET j 


o 

O 




o 












3 




cn 




o 


CD 

o 

CD 

o 

■ Co Additive] 




H 




o 








O 






^3 

ro 

3 


o 

o 


o 

o 

CO 


o 

o 

of Sample 



TEC 6573-3 (2.68) 


SIGNATURE OF AUTHOR 
SIGNATURE OF WITNESS 



DA' 


DATE 



BOOK 


PAGE 


X 26645 


N2 


117 


A. 

foi-Y^. De//V^re^ -7^ lW\V(o )dvO-t% (yrJi M)(D^ 2Cujf%Mi^^ 


u^^-Tt-^^L^ yl/2 fhcP A-hnoi>jikt.re 
rLc Folk 


Item # 

Reference for 
Center Layer 

Center Layer Composition 

Center Layer 
(Grams Submitted) 

Outer Layer 
(Provided by B-125) 

1 

X26645-103-1 

MXD6/D{ND)/Cobalt 

500 

9921 

2 

X26645- 103-2 

MXD6/D(ND)/SCPX-1578/Cobalt 

500 

9921 

3 

X26645-113-1 

Amber PET 20261 4.0 wt% MXD6/D(NO)/Cobalt 

1000 

9921 

4 

X26645- 113-2 

Amber PET 20261 4.0 wt7o MXD6/D(ND)/SGPX-1578/Cobalt 

1000 I 

9921 

5 

X26645-072-1 

MXD6 10.0wt% AQ48 

'lOOO 

9921 

6 

X26645-072-2 

MXD6 20.0 wt7o AQ48 

1000 

"9921 


PPARL, Processing Re<3;uestG 

B125 DOOR EO 
All re< ju&sts must have tt chanje number 


Submitter Linda Bernard Ext. 80C0 Eldg. 150A Datefl^^^ft 

Project Name Beer cliarce Ko. R . J256> ^^^^ 

Polymer Type A Mixture of MXD6/D INDI /COBALT/CLAV/PET 20216 

Processing Machine 
David, 1£ 1 ai<j not indicate the correct macblne, ploaso use Che 
macHlno you uoed when proceeolng our previous saaples. Linda 

X Small Killion (Thin Film) 
Screw General Purpose 


_ln3ection Molding (Preform) 
Mold 


Large Killion (Thin Filml Reheat Blow (Bottles! 

Free-blow (Bottles) 

MPM (Thicic Film or Sheet) Pipe Extrusion 

. Crystalliier 


Blown Film 


_Other 


Polymer Drying Conditions: Ten>perature 120°c Time 24 Hours 

:o^l'r." l"^ tor the extruder feeaiKg-the A OTiFiTTblM and 

PET 20261 for the e xtruder fee dino l.av.rF^^ 

Processing Temp: Melt ^bb^C Roll Mnid 

Di^^. '^^l" J ThiHESSs - (See Mote) width Polished 

Disposition of Excess Resin S ang as PET Film 

'HXD6/cobalt and the 
total thictcness. 'rt^e r 
ot chQ Total T^icltn^tss 


KXDS/AOaS Katerial s-Wg want Laygr B to bo 10 and 30» o f th« 
PET/HXPt/Cobalt ir acgr iaLs-<^g w^t Layer B to be }6 and i>6 \ 


Reference Wo. 
Instructions 


X2<^S.tl7-i 


Sample Description 
Quantitv Consents / Special 


X2664-i.in.7 


500 lO 6Hn pryp,. 


X2fiMS-IIT.1 
X7lV^<.ll7.^ 


MXO<m<NDl<X33Al.T 


1000 mm^ 


MXl>VD(Nni/S<:PX-lS78<X)DAl.T 


I OOP fnimi 


AMDBl PET WMIIMXnMXNDVClOBAl T 


X2664<.1I7.^ 


1000 rramt 


MXIXVAOM 


Subnit request to David M.jessee B125 (>:-7373) 0835201 FAX 6183 
Processing Lab: Steve Darnel 1 . Danny Glover. Mil^e Jones (x-5663) 


^ r-. = — oj 

c to to > 

. II 2 '5 

E cvj Y «3 * 

(H ■ ' — . 


^^1° 
3 in !o 

— ^ ^ «. 
c ■■- 1: .£ 

r- - H ^ 
E CM Y <D 

o !d 

— ^ T S 1' 

f* SZ r- 

"O x; j:: w n 

S — O) 

S o Q. 4 

oj o 2 F > 

Sow??:: 

~ « O § X I 

o S — 


? a) ,_ 

* Z a- " ? £ 
o c ^ .c £ - 

■e §cb ^ £-1 

CO o) ? S to E 


i I § I - ^ 

5 2 c oi .2 
Q — S O D « 


Tec 6S73-3 I 


SIGNATURE OF AUTHOR 
SIGNATURE Of= WiTNESS 




BOOK 


PAGE 


X 26645 

^Mkyh,:Ct^<{ iAji^ Fo r Sic . . ' 


123 


eel u re'] ~tkx> S Scuzy/es Co^kjuurxJi^cj 
ha/{ twtco^J placed a 

«£ff- ifu^ iMC<^ tu.^-^^ Sir^etcklA, flfkr 

C-elli H 'h^ A^s/a/ For PO, . 




CD COi CO 
CO CO CD 

K) r>o ro 


CD O 


r- 2 


li 


TEC 6573-3 


SIGNATURE OF AUTHOR y^r . . 

SIGNATURE OF WITNESS .Ajt^ J ^^:^ ^^^-^ 



PAGE 


BOOK 


124 X 26645 


1 Polymers Evaluation Laboratory | 

PEL Submission Form 

Submlucr: UNOA OCKNARD 


Insunoccl: 792460 

Charcc/W.Ct: iL12360 

Bundincfl; 150 

VAX User ID: vmuo 

rtMnet: 8000 

Pmsnened PEL <: 

•I'rojcdCatefidry; 4 

Tarcct Dale: ^gg^ 

■ Applicattott: 4 

I'rojeetf: 

• Oi-ertime is authorized lo mcrt this lar^tl date: no 

dick on "Notebook ff" item lo enter ttie next matcriul 

•X26645- 123-1 

•X26645- 123-9 

•X26645-I23-2 

•X2664S-I23-I0 

•X26645-I23-3 

■X2664S-I23-II 

•X26645-I23-4. 

•X2(iM3-l23-l2 

■X26645-123-5 

•X26645-I23-I3 

•.V26645-I23-6 

•X26645-I23-I4 

•XJ6645-123-7 

■X26615-123-1S 

•X2(i645-l23-8 

Nofdyxii: P 


• Hazards: no 

Suhinittcr Prctrcalmcnts 

Enter results into FDRS: no 

, • Testing ,. 

Return Excess Sample: yes 




N'Hchonk Kvntttr 


Melt l-l.r^* K.lf 


InMnimcntcii |tti 


DildWiH 

Film Tcmilg |V,ocrtlr!t (liyaj; 


■ - -.lAn.Wri, 


TTT-i I I I I I I T n-rr 


I II II I i I I -I i~rT 


Polymers livaluatit)!! Lahoralorv 


T. M. Long Film Strctcliin" 
Test Rcaticst 


• Stretch Temp (Dcg. C): 
•Stretch Temp (Dcfi. C): 
•Stretch Temp (Dcg. C): 
•Strctcli Ratios: 4X4 
•Stretch Ratios: 
•Tg(Ocg.C): -S3 
•Stress Strain: yes 
•Machine; 4X 
•Numbcrof Sheets: j 

•Stretch Rale: 14 in/sec 

•PSR(4X by 4X only and 14 in/sec): yes 


C02 I*cni)«ab4liiy: * Tea Cond. 


02 P«c«t<atiilit>-. • Tea C«<Kl. 


Film Tensite rrupcnks: 


WiieT Vapor f crmcabilil v; 


Colon • Test Cond. 


Haze: Test Good. 


Previous Stretch conditions (if known} 
•Grip Pressure: 
•Soak Time: MSEC 
• Prcvioas Stretch Temp (Dcg. C): 

Comments ranDY. SAMPLES « 8 THROUGH 1 5 NEED TO DE KEPI 
UNDER NITROGEN AS MUCH AS POSSIBLE. I AM 
SENDING THEM TO YOU IN A BAG THAT HAS BEEN 
PILLED WITH N2. IF YOU WOULD PUTTHE.M IN A BAC 
AND FILL IT WITH N2 AFPER STRETCHING I SURE 
WflUl n APPRFruTF rr t han-k vom i ivn^ 


SIGNATURE OF AUTHOR 
SIGNATURE OF WITNESS ^ 



I i i i 


"1° 


" o 
S "g 

9 = 

4^ to 

CT 


£ O 

§ §■ 

a s. 


X 2. 


— CD 

o o 
-n 


p tfS 

SC ST) 
5 CD 
^ CD 


c- 

o -2. s § 


^ 0) 

< 3. 


> T 
<r CO 


OATEi 


DATE 



TEP 6573-4 4 


» 
» 


BOOK 


X 26854 


! I ' , 

I 


! 


spk4 3 I 


I ; 


Ir 


PAGE 

015 


TEC 68784 


I 


SIGNATURE OF AUTHOR 
SIGNATURE OF WITNESS 




BOOK 


X 26640 


NS 


PAGE 


085 


9 


ti 

i 


J , i • 
Thie worH ia to prepare 'more ot Xasff^O-BO 

Suppand 2.36 g of cobalt (ID acafcata fcetrabydraw Iji 200 ml 
oC water, 

J n ^ r^f eris5r-!L!2r>6 til 20OO mil of vfafier at SO C 
?^rSmSicill1«^iSg aieSdi? bSSnd «or two minute.. 

Add the cobalt aolution fco the Waring Blender wid blend for 
two ndnutes. 


=*ml of 0.362 H HCl and blond for two nd«utea. 


add' 

cantrtfuflft the mixture and poux offi the vater. Wash with 
iOQQ ml ofi water In blender. 



eii 

mo. 

Uw. 
WaL 
UtoJ 

■M 

«• 

•ml 
tttl 

<M. 

r7». 

5tS. 

4ia. 

MD. 

no. 

CO, 

mi 


-- -t- 


wv"! 04/g(/T« WiOl I COM* ens cir«i i.flM mw. 
uiig«i t.ia - Xa.U (p«y) Can?, »a«n Stt. i o,an p«g/»in. 



. «:« .iu; ki:i/ ii!oi Uu; li!^. U!« 

IX1J> 


i. 


- 


<fl — 



SIGNATURE OF AUTHOR 

siQfjATunEoFwiTneaa 


BOOK 


X 2664.0 



N2 


PAGE 


087 


.,.-1. , . ! 

J..... J.... 

I 


-7^/^/^ !v/vr4^;^. 1../'..^.. 'Y-f-^. -^r^^/^^ 


^ iZ-.T^^, ■■ 7^:S~-^^.^^-~. -<^-y^ 



....^ 

I 

.- „. / 

■ i 
A 

» 


ni »mj<i l.ia ■ n.aa (o.qi caot. »a»n B»t« i a.H prt/mn 
Iff 0. 


! UID. 

ivio, 
>uo. 

■to. 

MO, 
W». 
110. 
710. 

wl 
««(). 

IDO. 
lit. 

iM. 



m'.ii irlia iili,' u;„ iVlii lilM lilli iilii i,:,^ uli; o.ii 't.'a 


SIGNATURE OF WITNEas J^-i^ j^ vf 


DATE 


PAGE 


122 


+ 
X 

X3 
C 

+ 
+ 
o 

o 

cn 
|E 

■4-' 

c 
o 
o 

i5 
O 

•+-> 

'E 

o 


o 

E 

c 
o 


CO 

Q 
X 


SX 
(0 



BOOK 


X 25982 


5J i 

'c : + 


I o 
i E 

' H — I 

i c 
o 


lO 


: o 

: lO 


o 





39/20 

CD 
CO 

00 

1.38 

2755 







CO I 03 P*- 
CM 


CO S 

CO 

CD ^ 
CD 


E 
_5 
"c 
o 

E 
E 

CO 


E 


■ ^ , 

O 
Q) 
T3 
TO 
-♦— ' 
O 

■ o 


ito 

I CNJ 


OO i 

; O ; CO i I CO 00 


O O CJ 0;0 O 


in o 


If) 

CO 
CD 

; CM 
X 


O 

Q.; 

El 
o i 
O I 


I 














sh 


o 

i 


< 

Q 

t- 

1- 


iCM 

cn o 
Hll- 


b ! o 
\-\\- 


SIGNATURE OF AUTHOR 



SIGNATURE OF WITNESS 


, PAGE 


m 100 



BOOK 


X 25982 


Owens, Jeff 
From: 


Gilmer, John W 


To: 
Subject: 


Owens, Jeff 
FW: OAT form 


Original Message 

From: Dawsev, Timothy R 

To: Ciilmer, John W 

Subject: FW: OAT form 


Original Message 

From: . FrontPage. Email. 



stmanxom[SMTP:FrontPage. Email. Form@eastman.com] 


ua;ib177%ntmcon02. emn.com. uBbb/9ir/ontmcon02.emn. com. u790657%ntmcon02.emn com u858447% 

ntmcon02.emn.com.u791425%ntmcon02.emn.com.u791320(a)eastman com 

OAT form 


BO Requested: NBG, CPBO. SPBO 
Username: Jeff Owens 
UserTel: 7328 
Contact: 

ime: 11:02:11AM 
Remote User: EASTMAN\U857191 

Comments: 


I recently read an article showing Oxygen permeability vs. Water vapor data for several resins these included PET, Nylon 
and LCP. LCP was by far the most superior with respect to permeability. I am sure there is data on PET/LCP blerids but I 
thought the idea of put clay in LCP and making a trilayer Him in PET would be interesting since we produce LCP we could 
buy It at our cost which might be cheaper than buying MXD6 Nylon. 


Idea on Combining MXD6 Nylon with clay and Cobalt 

scavenSl of^nh^ir 1? "^"T^"' combination high barrier MXD6 nanocomposite with oxygen 

he CoSll .rn^^-H^^ TT u'- u'^'°^ '""^ "anocomposite would be cleaved by 

the Cobalt thus providing a material with better barrier potential in the market place with respect the beer. 
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IN THE UNITED STA 



NT AND TRADEMARK OFFICE 


In re Application of: 


Bernard et al. 


Serial No.: 09/630,517 Group Art Unit: 1714 

Filed: August 02, 2000 Mi2A0t^^^^ Examiner: K. I. Wyrozebski Lee 

For: POLYAMIDE NANOCOMPOSITES WITH OXYGEN SCAVENGING 


CAPABILITY 


Commissioner of Patents and Trademarks 
Washington, D.C. 20231 


DECLARATION UNDER 37 CFR 1.131 


We, Linda G. Bernard, Horst Clauberg, Michael J. Cyr, John W. Gilmer, James 
C. Matayabas, Jr., Jeffery T. Owens, Mark E. Stewart, Sam R. Turner, and Shriram 
Bagrodia declare that: 

1 . We are the coinventors of claims 1-29 of the above-identified patent application. 

2. Prior to August 5, 1 999, having earlier conceived the idea of recyclable polymer 
nanocomposite with improved oxygen and gas barrier properties comprising at 
least one polyamide resin, at least one oxygen-scavenging catalyst, and at least 
one layered silicate material, Linda G. Bernard, Jeffrey T. Owens, Marvin C. 
Hagey, and John W. Gilmer prepared the following polyamide polymer 
compositions, described herein, at the Research Laboratories of Eastman 
Chemical Co., Kingsport, Tennessee. 

A) The following general procedures were used to measure oxygen consumption 
and carbon dioxide permeability. Oxygen consumption was measured on film 
samples, which were cut into strips, using a Columbus Instruments Micro- 


Oxymax respirometer with version 6.04b software. Samples were placed into 
a glass media bottle with a nominal volume of 250 mL. One empty bottle was 
included as a control blank. The bottles were attached to a ten port 
expansion module. Readings were taken at the start of the experiment and 


- 1 - 


Docket: 71111 


PATENT 


then every four hours. The instrument measured the change in the oxygen 
concentration from the previous reading in each cell and calculated the total 
oxygen consumption and rate based on the (previously measured) volume of 
the cell plus oxygen sensor system. The oxygen sensor is an electrochemical 
fuel cell. Carbon dioxide transmission rates were measured on film samples 
using a Mocon permeability analyzer. 

B) An unmodified MXD6 polyamide was prepared by extruding two trilayer films 
comprising internal layers of about 10 and 30 vol% of unmodified MXD6 
6007, available from Mitsubishi Gas Company, with two external layers of 
PET-9921, available from Eastman Chemical Company. Several 2-inch 
square sections of the trilayer films were stretched using a T. M. Long 
instrument (4x4 orientation at about 1 10°C). The carbon dioxide transmission 
rates were 174 and 59 cc(STP) C02/meter^/24hr, for the 10 and 30 vol% films 
respectively. 

A MXD6 polyamide composition containing about 4000 ppm cobalt 

acetate as an oxygen-scavenging catalyst was prepared by mixing 250 grams 

of a low molecular weight, amine terminated poly(m-xylylene adipamide), with 

IV of about 0.44 dL/g, and 4.23 grams of cobalt acetate tetrahydrate under a 

nitrogen atmosphere at 250°C for 120 minutes then cooling. X-ray analysis of 

the product showed the concentration of cobalt in the product to be about 

4000 ppm. This cobalt-containing polyamide (10 parts) was extrusion 

compounded with 90 parts of MXD6 6007, available from Mitsubishi Gas 

Company, at 250°C, to give material with a cobalt concentration about 400 

ppm. The polyamide was used to prepare trilayer films and 2-inch square 

sections of the films were stretched as described above. The carbon dioxide 

transmission rates of the oriented films were determined to be 168 and 54 

cc(STP) C02/meter^/24hr, for the 10 and 30 vol% films respectively. Oxygen 

consumption for 3.0 grams of the inner polyamide layer, after removing the 

PET 9921 layers from the unoriented film comprising 30 vol% polyamide, was 

determined to be about 370 microliters of oxygen over a period of 136 hours. 
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C) Using the procedure of example B, an MXD6 polyamide composition 
containing a layered silicate material and cobalt as an oxygen-scavenging 
catalyst was prepared by mixing 215.75 grams of a low molecular weight, 
amine terminated poly(m-xylylene adipamide), with IV of about 0.44 dL/g, 
34.25 grams of SCPX-1578, an organoclay available from Southern Clay 
Products, and 4.23 grams of cobalt(ll) acetate tetrahydrate under a nitrogen 
atmosphere at 250°C for 120 minutes followed by cooling. Ten parts of this 
product was extrusion compounded with 90 parts of MXD6 6007, available 
from Mitsubishi Gas Company at about 260°C to give material with a cobalt 
concentration of about 400 ppm and silicate concentration (ash) of about 1.0 
wt%. 

Two trilayer films were extruded comprising internal layers of about 10 and 
30 vol% of the above compounded MXD6 6007 with two external layers of 
PET-9921, available from Eastman Chemical Company. Trilayer films were 
prepared and oriented as described above. The carbon dioxide transmission 
rates for the oriented films were 117 and 41 cc(STP) C02/meter^/24hr, for the 
10 and 30 vol% films respectively. Oxygen consumption for 3.0 grams of the 
inner nanocomposite layer, after removing the PET 9921 layers from the 
unoriented film comprising 30 vol% nanocomposite, was determined to be 
about 680 microliters of oxygen over a period of 136 hours. 

D) Another MXD6 polyamide composition containing an oxygen-scavenging 

catalyst was prepared in which 4 parts of the MXD6 composite prepared in 

example B was extrusion compounded with 96 parts of amber PET-20261, 

available from Eastman Chemical Company. A trilayer film was extruded 

comprising internal layers of about 50 vol% of this material with two external 

layers of PET-9921 , available from Eastman Chemical Company. Several 2- 

inch square sections of the trilayer films were prepared and oriented as 

above. The carbon dioxide transmissions rate of the oriented films were 41 1 

cc(STP) C02/meter^/24hr, for the 50 vol% films. Oxygen consumption for 10 
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grams of the unoriented film comprising 50 vol% of the extrudate of PET 9921 
with the PET-polyamide composite was determined to be about 60 microliters 
of oxygen over a period of 136 hours. 

E) Another MXD6 polyamide composition containing a layered silicate material 
and an oxygen-scavenging catalyst was prepared in which 4 parts of the 
MXD6 composite prepared in example C was extrusion compounded with 96 
parts of amber PET-20261, available from Eastman Chemical Company. 
Two trilayer films were extruded comprising internal layers of about 30 and 50 
vol% of this material with two external layers of PET-9921, available from 
Eastman Chemical Company. Trilayer films were prepared and oriented as 
above. The carbon dioxide transmissions rates of the oriented films were 
determined to be 317 and 291 cc(STP) C02/meter^/24hr, for the 30 and 50 
vol% films respectively. Oxygen consumption for 10 grams of the unoriented 
film comprising 50 vol% of the extrudate of PET 9921 with the nanocomposite 
was determined to be about 60 microliters of oxygen over a period of 136 
hours. 

F) A polyamide composition was prepared in which the oxygen-scavenging 
catalyst, cobalt, was intercalated into the polymer matrix through the layered 
silicate material. A Wyoming-type montmorillonite clay was prepared in which 
50% of the sodium cations were exchanged with cobalt and 50% with 
protons. Ash content of the clay was 87.1 5 wt %, cobalt content was 1 .23 %, 
and X-ray basal spacing was 1.25 nm. The treated clay was dry mixed with 
269 parts of a low molecular weight poly(m-xylylene adipamide), with IV of 
about 0.41 dL/g. The mixture was dried at 110°C overnight in a vacuum oven 
then extruded. The extruded material showed good oxygen consumption. 

G) Another polyamide composition was prepared identically to E except the 

montmorillonite clay used in the composition had 50 % of the sodium cations 

are exchanged with cobalt(ll), 25% with octadecyltrimethylammonium cations, 
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and 25 % with protons. The clay had a cobalt content of 0.99 %, and X-ray 
basal spacing of 1.34 nm. The extruded material showed good oxygen 
consumption. 

3. Evidence supporting the above examples above are provided by copies of research 
notebook pages as set forth in the table below and attached hereto: 


Experiment 

Supporting Notebook Pages 

Performed by 

B 

X-26645-100 
X-26645-103 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

C 

X-26645-101 
X-26645-103 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

D 

X-26645-103 
X-26645-113 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

E 

X-26645-101 
X-26645-103 
X-26645-113 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

F 

X-26640-085 
X-26854-015 
X-25982-122 

Marvin C. Hagey 
John W. Gilmer 
Jeffery T. Owens 

G 

X-26640-087 
X-26854-015 
X-25982-122 

Marvin C. Hagey 
John W. Gilmer 
Jeffery T. Owen 
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Further evidence of the conception of one aspect of this invention is provided by page 
X-25982-100 from Mr. Owens notebook, also attached hereto. 

4. Each of the dates deleted from the attached notebook pages is prior to August 5, 
1999. 

The undersigned declares further that all statements made herein on his own 
knowledge are true and that all statements made on information and belief are believed 
to be true, and further that these statements were made with a knowledge that willful, 
false statements, and the like so made are punishable by fine, or imprisonment, or both 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 


Date Linda Gail Bernard 


Date Horst Clauberg 



Date Michael John Cyr 


Date John Walker Gilmer 


Date James Christopher Matayabas, Jr. 


Date Jeffery Todd Owens 


Date Mark Edward Stewart 


Date 


Sam Richard Turner 
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For: POLYAMIDE NANOCOMPOSITES WITH OXYGEN SCAVENGING 


CAPABILITY 


Commissioner of Patents and Trademarks 
Washington, D.C. 20231 


DECLARATION UNDER 37 CFR 1.131 


We, Linda G. Bernard, Horst Clauberg, Michael J. Cyr, John W. Gilmer, James 
C. Matayabas, Jr., Jeffery T. Owens, Mark E. Stewart, Sam R. Turner, and Shriram 
Bagrodia declare that: 

1 . We are the coinventors of claims 1-29 of the above-identified patent application. 

2. Prior to August 5, 1 999, having earlier conceived the idea of recyclable polymer 
nanocomposite with improved oxygen and gas barrier properties comprising at 
least one polyamide resin, at least one oxygen-scavenging catalyst, and at least 
one layered silicate material, Linda G. Bernard, Jeffrey T. Owens, Marvin C. 
Hagey, and John W. Gilmer prepared the following polyamide polymer 
compositions, described herein, at the Research Laboratories of Eastman 
Chemical Co., Kingsport, Tennessee. 

A) The following general procedures were used to measure oxygen consumption 
and carbon dioxide permeability. Oxygen consumption was measured on film 
samples, which were cut into strips, using a Columbus Instruments Micro- 


Oxymax respirometer with version 6.04b software. Samples were placed into 
a glass media bottle with a nominal volume of 250 mL. One empty bottle was 
included as a control blank. The bottles were attached to a ten port 
expansion module. Readings were taken at the start of the experiment and 
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then every four hours. The instrument measured the change in the oxygen 
concentration from the previous reading in each cell and calculated the total 
oxygen consumption and rate based on the (previously measured) volume of 
the cell plus oxygen sensor system. The oxygen sensor is an electrochemical 
fuel cell. Carbon dioxide transmission rates were measured on film samples 
using a Mocon permeability analyzer. 

B) An unmodified MXD6 polyamide was prepared by extruding two trilayer films 
comprising internal layers of about 10 and 30 vol% of unmodified MXD6 
6007, available from Mitsubishi Gas Company, with two external layers of 
PET-9921 , available from Eastman Chemical Company. Several 2-inch 
square sections of the trilayer films were stretched using a T. M. Long 
instrument (4x4 orientation at about 1 10°C). The carbon dioxide transmission 
rates were 174 and 59 cc(STP) C02/meter^/24hr, for the 10 and 30 vol% films 
respectively. 

A MXD6 polyamide composition containing about 4000 ppm cobalt 
acetate as an oxygen-scavenging catalyst was prepared by mixing 250 grams 
of a low molecular weight, amine terminated poly(m-xylylene adipamide), with 
IV of about 0.44 dL/g, and 4.23 grams of cobalt acetate tetrahydrate under a 
nitrogen atmosphere at 250°C for 120 minutes then cooling. X-ray analysis of 
the product showed the concentration of cobalt in the product to be about 
4000 ppm. This cobalt-containing polyamide (10 parts) was extrusion 
compounded with 90 parts of MXD6 6007, available from Mitsubishi Gas 
Company, at 250°C, to give material with a cobalt concentration about 400 
ppm. The polyamide was used to prepare trilayer films and 2-inch square 
sections of the films were stretched as described above. The carbon dioxide 
transmission rates of the oriented films were determined to be 168 and 54 
cc(STP) C02/meter^/24hr, for the 10 and 30 vol% films respectively. Oxygen 
consumption for 3.0 grams of the inner polyamide layer, after removing the 
PET 9921 layers from the unoriented film comprising 30 vol% polyamide, was 
determined to be about 370 microliters of oxygen over a period of 136 hours. 
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C) Using the procedure of example B, an MXD6 polyamide composition 
containing a layered silicate material and cobalt as an oxygen-scavenging 
catalyst was prepared by mixing 215.75 grams of a low molecular weight, 
amine terminated poly(m-xylylene adipamide), with IV of about 0.44 dUg, 
34.25 grams of SCPX-1578, an organoclay available from Southern Clay 
Products, and 4.23 grams of cobalt(ll) acetate tetrahydrate under a nitrogen 
atmosphere at 250°C for 120 minutes followed by cooling. Ten parts of this 
product was extrusion compounded with 90 parts of MXD6 6007, available 
from Mitsubishi Gas Company at about 260°C to give material with a cobalt 
concentration of about 400 ppm and silicate concentration (ash) of about 1 .0 
wt%. 

Two trilayer films were extruded comprising internal layers of about 10 and 
30 vol% of the above compounded MXD6 6007 with two external layers of 
PET-9921 , available from Eastman Chemical Company. Trilayer films were 
prepared and oriented as described above. The carbon dioxide transmission 
rates for the oriented films were 1 17 and 41 cc(STP) C02/meter^/24hr, for the 
10 and 30 vol% films respectively. Oxygen consumption for 3.0 grams of the 
inner nanocomposite layer, after removing the PET 9921 layers from the 
unoriented film comprising 30 vol% nanocomposite, was determined to be 
about 680 microliters of oxygen over a period of 136 hours. 

D) Another MXD6 polyamide composition containing an oxygen-scavenging 
catalyst was prepared in which 4 parts of the MXD6 composite prepared in 
example B was extrusion compounded with 96 parts of amber PET-20261 , 
available from Eastman Chemical Company. A trilayer film was extruded 
comprising internal layers of about 50 vol% of this material with two external 
layers of PET-9921 , available from Eastman Chemical Company. Several 2- 
inch square sections of the trilayer films were prepared and oriented as 
above. The carbon dioxide transmissions rate of the oriented films were 411 
cc(STP) C02/meter^/24hr, for the 50 vol% films. Oxygen consumption for 10 
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grams of the unoriented film comprising 50 vol% of tlie extrudate of PET 9921 
witli the PET-polyamide composite was determined to be about 60 microliters . 
of oxygen over a period of 136 hours. 

E) Another MXD6 polyamide composition containing a layered silicate material 
and an oxygen-scavenging catalyst was prepared in which 4 parts of the 
MXD6 composite prepared in example C was extrusion compounded with 96 
parts of amber PET-20261 , available from Eastman Chemical Company. 
Two trilayer films were extruded comprising internal layers of about 30 and 50 
vol% of this material with two external layers of PET-9921 , available from 
Eastman Chemical Company. Trilayer films were prepared and oriented as 
above. The carbon dioxide transmissions rates of the oriented films were 
determined to be 317 and 291 cc(STP) C02/meter^/24hr, for the 30 and 50 
vol% films respectively. Oxygen consumption for 1 0 grams of the unoriented 
film comprising 50 vol% of the extrudate of PET 9921 with the nanocomposite 
was determined to be about 60 microliters of oxygen over a period of 136 
hours. 

F) A polyamide composition was prepared in which the oxygen-scavenging 
catalyst, cobalt, was intercalated into the polymer matrix through the layered 
silicate material. A Wyoming-type montmorillonite clay was prepared in which 
50% of the sodium cations were exchanged with cobalt and 50% with 
protons. Ash content of the clay was 87.15 wt %, cobalt content was 1 .23 %, 
and X-ray basal spacing was 1 .25 nm. The treated clay was dry mixed with 
269 parts of a low molecular weight poly(m-xylylene adipamide), with IV of 
about 0.41 dUg. The mixture was dried at 1 10°C overnight in a vacuum oven 
then extruded. The extruded material showed good oxygen consumption. 

G) Another polyamide composition was prepared identically to E except the 

montmorillonite clay used in the composition had 50 % of the sodium cations 

are exchanged with cobalt(ll), 25% with octadecyltrimethylammonium cations, 
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and 25 % with protons. Tine clay liad a cobalt content of 0.99 %, and X-ray 
basal spacing of 1 .34 nm. The extruded material showed good oxygen 
consumption. 

3. Evidence supporting the above examples above are provided by copies of research 
notebook pages as set forth in the table below and attached hereto: 


Experiment 

Supporting Notebook Pages 

Performed by 

B 

X-26645-100 
X-26645-103 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

C 

X-26645-101 
X-26645-103 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

D 

X-26645-103 
X-26645-113 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

E 

X-26645-101 
X-26645-103 
X-26645-113 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

F 

X-26640-085 
X-26854-015 
X-25982-122 

Marvin C. Hagey 
John W. Gilmer 
Jeffery T. Owens 

G 

X-26640-087 
X-26854-015 
X-25982-122 

Marvin C. Hagey 
John W. Gilmer 
Jeffery T. Owen 
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Further evidence of the conception of one aspect of this invention is provided by page 
X-25982-100 from Mr. Owens notebook, also attached hereto. 

4. Each of the dates deleted from the attached notebook pages is prior to August 5, 
1999. 

The undersigned declares further that all statements made herein on his own 
knowledge are true and that all statements made on information and belief are believed 
to be true, and further that these statements were made with a knowledge that willful, 
false statements, and the like so made are punishable by fine, or imprisonment, or both 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 


"Date ^ Linda Gail Bernard 

"Date Horst Clauberg ~ 

"Date Michael JohiyCyr / 

Date John Walker Gilmer 

Date James Christopher Matayabas, Jr. 

Date " Jeffery Todd Owens 

Date Mark Edward Stewart 

Date ' Sam Richard Turner 
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DECLARATION UNDER 37 CFR 1.131 


We, Linda G. Bernard, Horst Clauberg, Michael J. Cyr, John W. Gilmer, James 
C. Matayabas, Jr., Jeffery T. Owens, Mark E. Stewart, Sam R. Turner, and Shriram 
Bagrodia declare that: 

1 . We are the coinventors of claims 1 -29 of the above-identified patent application. 

2. Prior to August 5, 1999, having earlier conceived the idea of recyclable polymer 
nanocomposite with improved oxygen and gas barrier properties comprising at 
least one polyamide resin, at least one oxygen-scavenging catalyst, and at least 
one layered silicate material, Linda G. Bernard, Jeffrey T. Owens, Marvin C. 
Hagey, and John W. Gilmer prepared the following polyamide polymer 
compositions, described herein, at the Research Laboratories of Eastman 
Chemical Co., Kingsport, Tennessee. 

A) The following general procedures were used to measure oxygen consumption 
and carbon dioxide permeability. Oxygen consumption was nieasured on film 
samples, which were cut into strips, using a Columbus Instruments Micro- 


Oxymax respirometer with version 6.04b software. Samples were placed into 
a glass media bottle with a nominal volume of 250 mL. One empty bottle was 
included as a control blank. The bottles were attached to a ten port 
expansion module. Readings were taken at the start of the experiment and 
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then every four hours. The instrument measured the change in the oxygen 
concentration from the previous reading in each cell and calculated the total 
oxygen consumption and rate based on the (previously measured) volume of 
the cell plus oxygen sensor system. The oxygen sensor is an electrochemical 
fuel cell. Carbon dioxide transmission rates were measured on film samples 
using a Mocon permeability analyzer. 

B) An unmodified MXD6 polyamide was prepared by extruding two trilayer films 
comprising internal layers of about 10 and 30 vol% of unmodified MXD6 
6007, available from Mitsubishi Gas Company, with two external layers of 
PET-9921 , available from Eastman Chemical Company. Several 2-inch 
square sections of the trilayer films were stretched using a T. M. Long 
instrument (4x4 orientation at about 1 10°C). The carbon dioxide transmission 
rates were 174 and 59 cc(STP) C02/meter^/24hr, for the 10 and 30 vol% films 
respectively. 

A MXD6 polyamide composition containing about 4000 ppm cobalt 

acetate as an oxygen-scavenging catalyst was prepared by mixing 250 grams 

of a low molecular weight, amine terminated poly(m-xylylene adipamide), with 

IV of about 0.44 dL/g, and 4.23 grams of cobalt acetate tetrahydrate under a 

nitrogen atmosphere at 250°C for 120 minutes then cooling. X-ray analysis of 

the product showed the concentration of cobalt in the product to be about 

4000 ppm. This cobalt-containing polyamide (10 parts) was extrusion 

compounded with 90 parts of MXD6 6007, available from Mitsubishi Gas 

Company, at 250°C, to give material with a cobalt concentration about 400 

ppm. The polyamide was used to prepare trilayer films and 2-inch square 

sections of the films were stretched as described above. The carbon dioxide 

transmission rates of the oriented films were determined to be 168 and 54 

cc(STP) C02/meter^/24hr, for the 1 0 and 30 vol% films respectively. Oxygen 

consumption for 3.0 grams of the inner polyamide layer, after removing the 

PET 9921 layers from the unoriented film comprising 30 vol% polyamide, was 

determined to be about 370 microliters of oxygen over a period of 136 hours. 
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C) Using the procedure of example B, an MXD6 polyamide composition 
containing a layered silicate material and cobalt as an oxygen-scavenging 
catalyst was prepared by mixing 215.75 grams of a low molecular weight, 
amine terminated poly(m-xylylene adipamide), with IV of about 0.44 dL/g, 
34.25 grams of SCPX-1578, an organoclay available from Southern Clay 
Products, and 4.23 grams of cobalt(ll) acetate tetrahydrate under a nitrogen 
atmosphere at 250°C for 120 minutes followed by cooling. Ten parts of this 
product was extrusion compounded with 90 parts of MXD6 6007, available 
from Mitsubishi Gas Company at about 260''C to give material with a cobalt 
concentration of about 400 ppm and silicate concentration (ash) of about 1.0 
wt%. 

Two trilayer films were extruded comprising internal layers of about 10 and 
30 vol% of the above compounded MXD6 6007 with two external layers of 
PET-9921, available from Eastman Chemical Company. Trilayer films were 
prepared and oriented as described above. The carbon dioxide transmission 
rates for the oriented films were 1 17 and 41 cc(STP) C02/meter^/24hr, for the 
10 and 30 vol% films respectively. Oxygen consumption for 3.0 grams of the 
inner nanocomposite layer, after removing the PET 9921 layers from the 
unoriented film comprising 30 vol% nanocomposite, was determined to be 
about 680 microliters of oxygen over a period of 1 36 hours. 

D) Another MXD6 polyamide composition containing an oxygen-scavenging 

catalyst was prepared in which 4 parts of the MXD6 composite prepared in 

example B was extrusion compounded with 96 parts of amber PET-20261 , 

available from Eastman Chemical Company. A trilayer film was extruded 

comprising internal layers of about 50 vor/o of this material with two external 

layers of PET-9921 , available from Eastman Chemical Company. Several 2- 

inch square sections of the trilayer films were prepared and oriented as 

above. The carbon dioxide transmissions rate of the oriented films were 41 1 

cc(STP) C02/meter^/24hr, for the 50 vol% films. Oxygen consumption for 10 
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grams of the unoriented film comprising 50 vol% of the extrudate of PET 9921 
with the PET-polyamide composite was determined to be about 60 microliters 
of oxygen over a period of 1 36 hours. 

E) Another MXD6 polyamide composition containing a layered silicate material 
and an oxygen-scavenging catalyst was prepared in which 4 parts of the 
MXD6 composite prepared in example C was extrusion compounded with 96 
parts of amber PET-20261, available from Eastman Chemical Company. 
Two trilayer films were extruded comprising internal layers of about 30 and 50 
vol% of this material with two external layers of PET-9921 , available from 
Eastman Chemical Company. Trilayer films were prepared and oriented as 
above. The carbon dioxide transmissions rates of the oriented films were 
determined to be 317 and 291 cc(STP) C02/meter^/24hr, for the 30 and 50 
vol% films respectively. Oxygen consumption for 10 grams of the unoriented 
film comprising 50 vol% of the extrudate of PET 9921 with the nanocomposite 
was determined to be about 60 microliters of oxygen over a period of 136 
hours. 

F) A polyamide composition was prepared in which the oxygen-scavenging 
catalyst, cobalt, was intercalated into the polymer matrix through the layered 
silicate material. A Wyoming-type montmorillonite clay was prepared in which 
50% of the sodium cations were exchanged with cobalt and 50% with 
protons. Ash content of the clay was 87.15 wt %, cobalt content was 1.23 %, 
and X-ray basal spacing was 1 .25 nm. The treated clay was dry mixed with 
269 parts of a low molecular weight poly(m-xylylene adipamide), with IV of 
about 0.41 dUg. The mixture was dried at 1 10°C overnight in a vacuum oven 
then extruded. The extruded material showed good oxygen consumption. 

G) Another polyamide composition was prepared identically to E except the 

montmorillonite clay used in the composition had 50 % of the sodium cations 

are exchanged with cobalt(ll), 25% with octadecyltrimethylammonlum cations, 
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and 25 % with protons. The clay had a cobalt content of 0.99 %, and X-ray 
basal spacing of 1.34 nm. The extruded material showed good oxygen 
consumption. 

3. Evidence supporting the above examples above are provided by copies of research 
notebook pages as set forth in the table below and attached hereto: 


Experiment 

Supporting Notebook Pages 

Performed by 

B 

X-26645-100 
X-26645-1 03 
X-26645-1 1 7 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 

1 inHs G RprnarH 

Linda G. Bernard 
Linda G. Bernard 

C 

X-26645-101 
X-26645-103 
X-26645-117 
X-26645-1 23 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

I inda Rprnard 

Linda G. Bernard 

D 

X-26645-103 
X-26645-1 1 3 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 

1 inrl<3 G Rprnard 

^11 IVJd N.i'. L^wi i ICII vi 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

E 

X-26645-101 
X-26645-103 
X-26645-113 
X-26645-117 
X-26645-123 
X-26645-124 

Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 
Linda G. Bernard 

F 

X-26640-085 
X-26854-015 
X-25982-122 

Marvin C. Hagey 
John W. Gilmer 
Jeffery T. Owens 

G 

X-26640-087 
X-26854-015 
X-25982-122 

Marvin C. Hagey 
John W. Gilmer 
Jeffery T. Owen 
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Further evidence of the conception of one aspect of this invention is provided by page 
X-25982-100 from Mr. Owens notebook, also attached hereto. 


4. Each of the dates deleted from the attached notebook pages is prior to August 5, 
1999. 

The undersigned declares further that all statements made herein on his own 
knowledge are true and that all statements made on information and belief are believed 
to be true, and further that these statements were made with a knowledge that willful, 
false statements, and the like so made are punishable by fine, or imprisonment, or both 
under Section 1 001 of Title 1 8 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 


Date Linda Gail Bernard 


Date Horst Clauberg 

Date Michael John Cyr 


"Datd 


Date John Walker Gilmer 



Date Jeffery Todd Owens 


Date Mark Edward Stewart 


Date 


Sam Richard Turner 
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